ABSTRACT: This study aims to measure the effect of Marmara earthquake on the stock returns of the firms quoted in ISE and operating in financial sector by the use of conventional econometric methodology of event studies. The results indicate that the occurrence of the earthquake has produced negative and significant abnormal returns. For each of the insurance firms studied, largely significant abnormal returns are observed just after the earthquake. The response of banks is negative but the significance level is less important. 
Introduction
Catastrophic events, like earthquakes, may create huge losses for the "exposed" firms not only in the real sector but also in the financial sector. The aim of this study is to examine the effect of 17 August 1999's earthquake, which was a devastating event occurred in the north-west region of Turkey, on the stock returns of the firms quoted in ISE and operating in financial sector. More specifically, the sample includes the firms operating in the banking sector and in the insurance sector. We can expect two opposing results about the impact of the earthquake on the value of the insurance firms. As it is stated by Shelor et al. (1992) , on one hand, the rapid depletion of surplus accounts fostered by catastrophic events may cause investors to discount insurance firm stock value. On the other hand, insurers may benefit from a catastrophic event because of subsequent increased consumer or institutional demand. About the impact of the earthquake on the stock prices of the firms operating in the banking sector, it is expected that it will be negative. The reason behind this supposition is as follows: The demand for cash will increase, which in turn will deplete the depository accounts of the banks.
This study examines only short-term impact in a 30-day event window by employing event study methodology. The general applicability of the event study methodology has led to its wide use. In the fields of accounting and finance, event study methodology has been applied to various firm-specific and economy-wide events including mergers and acquisitions, earnings announcements, etc. Applications of event study methodology on the fields other than finance and accounting are also abundant. Among these fields, we can cite law and economics (Campbell et al., 1997) .
The first part of this paper reviews previous literature about the impact of catastrophic events on stock market performance. Then, data and methodology used in the study are explained. Finally, empirical findings and conclusions are presented.
Literature Review
In capital markets, investors have access to several information about quoted firms, which generate expectations concerning risk and earnings. In efficient markets, stock prices should reflect quickly all of the relevant information about the firms. There may be many different information about the firms such as dividend and earnings announcements, mergers and acquisitions, etc. The impact of these types of information on common stock returns has been the subject of numerous articles (Ahanory and Swary, 1980; Asquith and Mullins, 1983; Charest, 1978; Odabaşı, 1998) . On the other hand, the number of studies examining the effect of catastrophic events on stock returns is relatively limited. The catastrophic events, which have been so far utilized in the analyses are hurricanes, earthquakes, nuclear accidents and terrorist attacks.
The study of Hill and Schneeweis (1983) examines the effect on the stock returns of public utility firms of the Three Mile Island (TMI) nuclear accident. The sample used in this study is composed of 30 non-nuclear and 34 nuclear utilities selected from the electric utilities whose common stock are traded on the New York Stock Exchange for the period examined. The findings validate that, in the month of TMI, both the nuclear and non-nuclear firms experienced negative abnormal returns. The results indicate also that the negative returns were larger for firms using nuclear power. Another study, similar to that of Hill and Schneeweis (1983) , is carried out by Fields and Janjigian (1989) . This paper examines the reaction of U.S. public utilities' stock prices to the Chernobyl nuclear power accident. Similar to the results of previous studies on TMI, the results of Fields and Janjigian's (1989) study indicate that investors who held public utility stocks earned significant negative abnormal returns during the three day trading period following the announcement of the Chernobyl accident. Moreover, the losses of firms utilizing nuclear power were greater than those of the non-nuclear firms.
Another type of unanticipated catastrophic events considered by the researchers for evaluating its impact on stock prices is "fatal commercial airline crashes". The results of the analysis of Barrett et al. (1987) indicate that the immediate negative reaction to fatal airline crashes is significant for only one full trading day after the event occurs.
Nevertheless, the catastrophic events, the most widely considered by the researchers for evaluating their impact on stock prices, are the earthquakes and the hurricanes. For instance, Shelor et al. (1990) examine the impact of the October 17, 1989 California earthquake on the stock value of firms in the real estate industry. The findings of this study indicate that the earthquake bring important new information to the market since there is a statistically significant negative stock returns among the firms operating in the San Francisco area. On the other hand, real estate-related firms operating in other areas of California are unaffected by the earthquake. Two years later, in 1992, the same authors, Shelor et al. examine the impact of the October 17, 1989 California earthquake on the stock value of firms in the propertyliability insurance sector. They claim, initially, two opposing hypotheses: (1) Insurers benefit from a catastrophic event because of subsequent increased demand (gaining from loss hypothesis); or, (2) The rapid reduction of surplus accounts fostered by catastrophic events causes investors to discount insurance firm stock values. The results of the study support the first hypothesis since the propertyliability insurer stock values increased after the earthquake. In the same way, Yamori and Kobayashi (1999) examine the impact of the 1995 Hanshin-Awaji Earthquake on Japanese insurers' value. The main finding of this study, which can be considered as the first attempt to empirically investigate a non-U.S. stock market reaction to a large earthquake, is the significant negative stock price reaction, which is in contradiction with the results for U.S. earthquakes.
Hurricanes, also, became the subject of numerous event studies aiming to evaluate their impact on stock values. For instance, Lamb (1995) analyzes the impact of Hurricane Andrew on the property-liability insurer stock values. This study categorizes the firms in the property-liability industry in terms of loss exposure and no loss exposure in order to determine if the market discriminated among insurers based on this risk. The results show that Hurricane Andrew produced a significant negative stock price reaction on property-liability insurers with direct premiums written in Florida or Louisiana. On the other hand, unexposed firms' response to Hurricane Andrew was not significant. In other words, the results validate the hypothesis that the market efficiently interpreted the information generated by the hurricane and discriminated among property-liability insurers based on the existence and magnitude of insurance written. Lamb (1998) examined also the effects that Hurricanes Hugo and Andrew had on the stock returns of the property and casualty firms. There were 34 firms in the sample (17 exposed firms, 17 unexposed firms). The results indicate that Hurricane Hugo and Hurricane Andrew produced different market reactions on property and casualty firms. While the firms were unaffected by Hurricane Hugo, Hurricane Andrew generated a significant negative impact only on firms with premium business in Florida or Louisiana.
A relatively recent study is carried out by Carter and Simkins (2004) in order to investigate the stock-price reaction of airlines to the September 11th attacks. The findings indicate that there are significant negative abnormal returns for each of the airlines studied and smaller negative returns for airfreight firms. In other words, the market reaction was not the same for all airlines.
Data and Methodology
The sample is selected from those firms involved in the Turkish financial sector (banking and insurance) that were publicly traded in 1999. There are 20 firms in the sample, in total. Data files provided by Istanbul Stock Exchange are used for obtaining the daily stock returns. The unadjusted stock returns are, firstly, adjusted through the capital increases and dividend distributions.
In this study, the econometric methodology of event studies suggested by MacKinlay (1997) is employed. Thus far, the event study methodology has been applied to a variety of firm-specific and economy wide events such as mergers and acquisitions, earnings announcements, issues of new debt or equity, etc. (Campbell et al, 1997: 149) . In this study, the event in question, 17 August 1999's earthquake, is different than firm-specific events. The event window is 30 trading days following the event (26.08.1999 -07.10.1999) 1 . Pre-event days are not included in the event period since the event being considered is unexpected in nature. In order to calculate the normal return of the selected securities (prior to the calculation of abnormal returns), the market model is employed. This model assumes a stable linear relation between the market return and the security return. For any security i the market model is:
where R it and R mt are the period-t returns on security i and the market portfolio 2 , respectively, and ε it is the zero mean disturbance term. α i , β i , and σ εi 2 are the parameters of the market model.
The parameters of the model are estimated by using an estimation window covering 250 days prior to the event. In other words, the expected daily return for each security is computed by observing the market behavior over a 250 trading days interval. Return observations begin 250 trading days before the earthquake and continue until the day before the earthquake (t= -250 to -1). The event period is not included in the estimation period to prevent the event from influencing the normal performance model parameter estimates. 1 As the ISE was closed during 7 trading days due to the earthquake, the 26.08.1999 is considered as the first day of the event window, namely as the event date. In other words, we define t=0 as the event date. R it and R mt are the return in event period t for security i and the market respectively.
Then, the measurement and analysis of abnormal returns are considered. The abnormal return can be interpreted as a measure of the impact of the event on the value of the firm over the event window. The abnormal return is the difference between observed and predicted returns and the cumulative abnormal return is the cumulative sum of the average abnormal returns. The sign, magnitude, and statistical significance of the abnormal returns indicate whether there is a market response to earthquake-related information.
For firm i and event date t the abnormal return is:
where AR it , R it and E(R it ⏐X t ) are the abnormal, actual and normal returns respectively for time period t. X t is the conditioning information for the normal return model. Or, more precisely, in case of using market model to measure the normal return, the sample abnormal return is:
After the calculation of abnormal returns, the testing framework for the abnormal returns has to be designed: (1) definition of the null hypothesis; (2) determination of the techniques for aggregating the individual firm abnormal returns. The formulation of the econometric design is followed by the presentation of the empirical results.
Under the null hypothesis, that the event (earthquake, in our case) has no impact on the behavior of returns (mean or variance) the distributional properties of the abnormal returns can be used to draw inferences over any period within the event window. Under H 0 the distribution of the sample abnormal return of a given observation in the event window is: The next step involves the aggregation of abnormal return observations in order to draw overall inferences for the event of interest. The aggregation is carried out through time and across securities. After the aggregation through time for an individual security, the aggregation both across securities and through time is considered. We define CAR i (t 1 , t 2 ) as the cumulative abnormal return (CAR) from t 1 to t 2 where T 1 ≤ t 1 ≤ t 2 ≤T 2 . The CAR from t 1 to t 2 is the sum of the included abnormal returns,
The distribution of the cumulative abnormal return under H 0 is:
where, The next step involves the aggregation of the abnormal return observations for the event window and across observations of the event. In our case, since there is overlap in the event windows of the included securities, clustering is applied. For the application of the clustering approach, we constructed an equally-weighted portfolio from the securities constituting our sample 4 . Then, the procedure described above for the individual security analysis is repeated for this portfolio. The abnormal return of the portfolio (denoted as p) for date t is calculated as follows:
In fact, due to the portfolio characteristics, this result is identical to the average of the abnormal returns of the securities: (12) where N is the number of firms in the sample.
The variance of the portfolio is calculated as follows:
and for large L 1 , the second component approaches to zero.
The aggregation of the average abnormal returns over the event window is carried out by aggregating the portfolio's abnormal returns.
The distribution of the cumulative abnormal return of the portfolio, under H 0 is:
If the absolute value of θ is greater than 1.96, then the average abnormal return for that stock is significantly different from zero at the 5% level.
Empirical Results
The empirical results will lead to insights relating to understanding the sources and causes of the effects (or lack of effects) of the event under study, more specifically, the 17 August 1999's earthquake. Table 1 presents the average daily and cumulative abnormal returns for the banking firms, insurance firms and the whole sample for the event window (30 trading days following the event date). A significant negative price response after the event date would provide evidence that the earthquake produced unfavorable information that was manifested in depressed stock prices. On the other hand, a significant positive reaction would be interpreted as favorable information and no significant reaction would denote that the earthquake did not produce any new or important information that influenced stock prices. This study provides evidence that the 17 August 1999's earthquake had significantly negative impact not only on banking firms' but also on insurance firms' returns. This significant negative impact on stock returns is valid for the whole sample. The detailed examination of the results presented in Table 1 shows that while the significant negative response of insurance firms, in terms of CARs, continues during eight days, the significant negative response of banking firms to the earthquake keep on one trading day.
In the sample of banking firms, the most significant negative reaction to the earthquake belongs to Demirbank and Yaşarbank (abnormal returns are -0,0701 and -0,0609 respectively). On the other hand, in the sample of insurance firms, a very significant negative response in the first trading day is valid for all of the firms.
Figure 1 presents a comparison of the cumulative abnormal returns through the fifty days after the earthquake date for banking firms, insurance firms and the whole sample.
Figure 1. Cumulative Abnormal Returns
The trend of cumulative abnormal returns during fifty days following the earthquake date is quite interesting. Until twenty-ninth day, although both of the banking and insurance firms reacted negatively to the earthquake, the extent of the reaction is greater for the insurance firms. At the twenty-ninth day, the levels of CARs become equal for both of the sectors. Then the trend changes and the CARs turn out to be positive. Moreover, the size of the positive response is greater for the insurance firms compared to the banking firms. We can presume that the first response of insurance firms supports the following hypothesis of Shelor et al (1992) : The rapid depletion of surplus accounts fostered by catastrophic events may cause investors to discount insurance firm stock value. On the other hand, the positive trend of CARs, which begins thirty days after the earthquake supports the hypothesis that insurers may benefit from a catastrophic event because of subsequent increased consumer or institutional demand.
It is worth to note that, in studies with a limited number of event observations, the empirical results can be heavily influenced by one or two firms. Knowledge of this is important for gauging the importance of the results.
Conclusion
The 17 August 1999's earthquake, which had great impact especially on Gölcük, Adapazarı, İzmit, caused serious difficulties for many firms including financial institutions. On 26 August 1999, the first trading day after the earthquake, the stock market (ISE 100 index) had fallen down by -0.1038. In this paper, we have studied only the short-term reaction of financial institutions to the 17 August 1999's earthquake and ignore potential longer-term effects on cash flows or risk premium effects. We have used the event study methodology in the empirical analysis. We find largely significant abnormal returns, just after the earthquake, for each of the insurance firms studied. The response of banks is negative but the significance level less important.
Overall, our results are important since they support psychological impact of the 17 August 1999's earthquake in ISE. In terms of implications concerning the market efficiency, it is difficult to presume that ISE is efficient. Based on the results, we can state that, firstly, financial institutions' stock prices reacted negatively to the "earthquake" but then, in one month, a recovery in the market prices is reestablished, by a considerable increase. The results highlight the fact that earthquake-induced disruptions pose risks that require management attention. This can be considered as a crucial information for the firms operating in Turkey and particularly in Istanbul, which is an earthquake prone region.
